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Memo
Date: April 12, 2007 Project:
To: Rohan McGowan Jackson and Vicky Peacey (Kennecott Utah Copper Corporation)
From: Rich Borden (Manager Mineral and Non-Mineral Waste Rio Tinto HSE) and Mark

Logsdon (Geochimica Incorporated)

Subject: REVIEW OF POTENTIAL ACID ROCK DRAINAGE MANAGEMENT OPTIONS FOR
THE KENNECOTT UTAH COPPER WASTE ROCK DUMPS

Acid Rock Drainage (ARD) is generated from the waste rock dumps at the Bingham Canyon Mine.
Kennecott Utah Copper (KUCC) is committed to the long-term collection and treatment of this
water, but is also interested in exploring other management options to control ARD at the mine.
This technical memorandum reviews potential ARD management strategies and identifies those
strategies which show the most promise for reducing ARD risks under the site-specific conditions
of the Bingham Canyon waste rock dumps.

Setting

The waste rock dumps at the Bingham Canyon Mine contain approximately 4.2 billion tons of
waste rock and cover more than 5000 acres. According to current mine plans an additional 0.9
billion tons of waste rock will be generated before closure. The great majority of the waste rock
contains low (<2%) sulfur concentrations primarily as reactive pyrite (FeS,), but there is usually
little neutralizing capacity so most of the rock generates acid rock drainage.

The mine is located in the Oquirrh Mountains and the dumps have been constructed as valley fill
and by advancing tall angle of repose slopes out from mountainsides. The waste rock piles are
commonly greater than 500 feet high and they have complex internal structures created by truck
dumping and earlier rail dumping. The dumps contain steeply dipping, discontinuous coarse and
fine-grained zones with relatively flat lying vehicle compacted zones located on old buried lift
surfaces. The resulting internal dump structure is very heterogeneous with complex hydrologic,
geochemical and textural characteristics. Mean precipitation on the waste rock surfaces varies
with elevation from about 15 inches/year at low elevation up to approximately 30 inches per year
on the very highest dumps. Depending on location, evaporation probably exceeds precipitation by
a factor of two to three. The geology, topography and climatic setting combine to create
continuous ARD flows, which are collected at the base of the dumps using a series of cutoff walls.

Between 1941 and 2000 the dumps were also intentionally leached for copper recovery. Acidic,
high salinity water was continuously applied to the tops of the dumps, captured at the toe and re-
circulated. During the leach operations the emphasis was on maximizing sulfide oxidation and
water contact to enhance copper recovery. Older dumps were thus constructed in a manner which
did not limit ARD formation, for example by excluding limestone waste rock from leach areas and
by ripping compacted or cemented surfaces to enhance permeability.
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Management Strategies

Historically, the primary control strategy for ARD at Bingham Canyon has been to ensure effective
collection and treatment of water that has contacted the waste rock dumps. This was especially
important during the active leaching operations because more than 20,000 gallons per minute of
acidic leach water had to be managed. Currently ARD collected from the mine (~1000 gpm) is
mixed with alkaline process water and tailings to neutralizing the acidity. Although the collection
and treatment strategy controls offsite impacts and is protective of down gradient water resources,
KUCC would like to reduce the volume of ARD generated.

Other management options which actually minimize the volume and/or acidity of the ARD that
must be managed and treated can be considered. Table 1 lists a series of broad ARD
management strategies that have been used or are being investigated by the mining industry. This
table was compiled with both internal and external expert input for a Rio Tinto initiative that reviews
ARD risks and management options at mines across the world in a variety of climatic, geologic and
environmental settings. Not all of these control strategies are applicable to waste rock, and many
are not practicable for use at Bingham Canyon because of its unique scale, geochemical
characteristics, climate and environmental setting. Many of these strategies attempt to limit sulfide
oxidation and control the rate of release of acidity, metals and soluble salts within the waste rock
dump. A large number of others attempt to limit the amount of water that contacts the waste rock
and transports oxidation products out of the waste rock as ARD.

In general strategies that attempt to reduce ARD impacts by limiting water contact are most
practicable for use at Bingham Canyon. Water contact can be limited by 1) ensuring that up
gradient surface and groundwater does not flow onto or into the waste rock and 2) minimizing the
volume of precipitation that falls on to the waste rock and either infiltrates into the rock (ultimately
discharging as ARD) or that contacts acid rock at the surface (running off as ARD). Many of these
water management strategies can be implemented retroactively which is very important given that
more than 80% of the mine’s total waste rock production has already occurred. For example up
gradient surface and groundwater collection systems can be installed above existing waste rock
dumps to limit ARD and preserve water quality for other beneficial uses. Covers can also be
constructed on existing acidic waste rock dumps to preserve runoff water quality, minimize
infiltration and allow vegetation to become established.

Strategies to limit sulfide oxidation and in situ acidification are difficult or impossible to apply
retroactively, particularly in the case of Bingham Canyon where all dumps are very large,
heterogeneous and anisotropic, and where many older dumps were constructed to maximize
sulfide oxidation and enhance copper release. For techniques that limit oxidation and acidification
to work, oxygen must be excluded from the waste rock dumps on a broad scale, oxidation
reactions must be inhibited at the scale of individual pyrite grains, or in-situ neutralizing reactions
must occur throughout the waste rock dump very close to the points of acid generation. It would
be impossible to exclude oxygen from the waste rock dumps given their large surface area and
construction techniques that havé created very tall, well-drained structures with numerous coarse
grained rubble zones. Passivation techniques and bactericides that attempt to inhibit oxidation at
the sulfide grain boundaries require intimate mixing with the waste rock mass so that the treatment
is in contact with the individual sulfides. Given the great thickness of the waste rock dumps and
the presence of preferential flow paths, it would not be possible to apply passivation products to
the top of the dumps and deliver the treatment to the entire rock mass. Similarly blending and
mixing limestone or other neutralizing agents with the waste rock requires very intimate contact to
succeed and thus can not be done retroactively.

To provide significant environmental benefits, any management strategies that are used would
need to provide control in the long-term. Many strategies that limit water contact can be expected
to control ARD in the long term. The up gradient collection of water can be self supporting
because clean water can be sold, offsetting and in many cases exceeding the cost to collect the
water. Well designed covers that limit infiltration can also be expected to remain functional for
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centuries. Conversely, passivation techniques and bactericide applications only provide short-term
control. These products are applied in aqueous solutions and as such must be water soluble.
Bench-scale and pilot-scale testing of these products has generally shown that they are rinsed
from the system over time, often within a matter of a few years.

Applicability of Individual Strategies and Technologies

Table 2 lists the potential ARD management strategies and presents their status, and pros and
cons for use at the Bingham Canyon Mine. Many of the strategies are not applicable to waste
rock, and many are not possible or practicable for use because of the physical, chemical, climatic
and environmental characteristics of the waste rock dumps. Several of the potential strategies are
already being implemented at the mine including:

Selective mining and handling;

Lowering of cutoff grade;

Selective waste placement;

Direct revegetation;

Up gradient collection

Down gradient collection and treatment; and
Waste removal and consolidation.

Additional ARD control strategies may provide significant benefits at Bingham Canyon and the
practicality to initiate or expand their use should be studied. These strategies are shown in bold on
Table 2 and include:

Up-gradient water diversion for additional drainages;

e Early recontouring to promote sulfide oxidation and depletion of acid potential on final
waste rock surfaces;

e Designing final waste rock surfaces to promote runoff and inhibit infiltration;
Expanding the use of covers to cap acid generating waste rock;

e Refining cover designs to further minimize infiltration by investigating the use of store and
release covers and limestone covers.

It is recommended that KUCC focus its research and design efforts on those strategies which offer
the greatest potential benefit for control of ARD as well as increase the areas that can be
successfully revegetated on the waste rock dumps.

Regards,

Rich Borden and Mark Logsdon
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